Biochemical studies on brain myelination have been done mainly in vivo by the administration of some radioactive materials (Smith and Eng 1965; Cuzner et al. 1965; Davison and Gregson 1966) . However, there have always been obstacles due to blood brain barrier (Neame 1968). Even choline is also under the control of blood brain barrier (Chida and Arakawa 1971 Biochemical studies dealing with myelin formation in tissue culture are scarce. A preliminary observation using scintillation counting on thin layer chro matograms for the lipids extracted from the myelinating cultures was only briefly described by Lumsden (1968).
In the present study, incorporation of radioactive choline or its derivative into myelin lecithin or sphingomyelin was biochemically determined using myeli nating cultures of newborn rat brain, along with tracer studies in vivo, since it is established that choline is incorporated into lecithin and sphingomyelin via cytidine diphosphate choline (CDP-choline) in the liver and central nervous tissue The amount of myelin obtained in tissue culture is so small that it is practical ly very difficult to isolate myelin fraction by the general methods currently used for brain myelin fractionation.
To overcome this difficulty, organ culture tech niques are introduced for providing a rather large amount of myelin.
Furthermore, one fresh rat brain of the same litter was added as a "carrier of myelin" to the cultured brain tissue, which enabled us to determine the incorporation of radio active choline into myelin lecithin and sphingomyelin in organ culture system. This method will be tentatively referred to "carrier method" in this report. In addition, activity of choline incorporation in the glial cells cultured under inade quate conditions for myelin formation or survival of the nerve cell was also analyzed.
Some of these experiments have been reported in a preliminary note (Shimizu and Chida 1971 Chida , 1973 The white matter of the cerebrum was also cultured to obtain a large amount of glia cells. The culture method was similar to that described above . In this case, however, plasma clot and chick embyro extract were omitted from culture media. The agar medium contained 1% purified agar (Difco) in a mixture of 80% Eagle's MEM and 20% horse serum and the additional fluid nutrient consisted of 80% Eagle's MEM and 20% horse serum .
Some of the explants were fixed with 10% formalin and stained with Sudan black B for demonstration of myelin sheath. were added with a fresh brain of a suckling rat of the same litter used in organ culture, homogenized and myelin fraction was obtained as described in A. Usually, the amount of myelin fraction from organ culture was so small that loss of myelin fraction during fractionation process was a serious problem.
In order to overcome these difficulties, we devised method B or carrier method, in which, myelin fraction of a suckling rat brain was added as a "carrier of myelin".
In vivo incorporation of radioactive choline into myelin lecithin: A mixture of choline methyl-3H and CDP-choline-1, 2-14C (10:1 by dpm) dissolved in saline was injected in traperitoneally or intravenously. Twenty four hours after, rats were sacrificed and brains were taken out and myelin fractions were prepared as described above. Table 1 ). Incorporation of both choline methyl-3H and CDP-choline-1, 2-14C into non-myelin lecithin in a 18-day-old rat slightly lower in an 18-day-old rat than in 25-day-old rats. This may be because, at the age of 18 days old, when myelination is thought to be most active, more dilution by non-radioactive lecithin may occur than at the age of 25 days. In 25day-old rats, no significant differences were observed in R between the one in traperitoneally (i.p.) administered with isotopes and the one intravenously (i.v.) administered with isotopes. Specific activity of myelin lecithin was lower than those of non-myelin lecithin in all cases (about half of those of non-myelin lecithin), probably due to the dilution by non-radioactive lecithin preexisted in myelin.
2. Myelin formation of newborn rat brain by means of organ culture in agar media (Fig. 1 ). Outgrowth of neurites and glial cells from the explant was inhibit ed in the agar media. During the 3rd week in culture, myelin had become demonstrable in the explant by staining with Sudan black B and visible, in a living condition, at the peripheral margin of the explant under the inverted phase contrast microscope (Fig. 1 ). Preliminary observations with the electron micro scope (Tonosaki et al. unpublished observation) revealed fragments of lamellated myelin accumulating in the myelin fraction obtained from the explants by the direct method. Bornstein and Murray (1958) pointed out that myelinization of the central nerve tissue in vitro characteristically occurred at the sites where nerve axons were intimately surrounded by a high concentration of glial cells; i.e. within the Fig 3. Incorporation of choline-methyl-14C into lipid fractions of myelin and non myelin fractions in cultures. Distribution of radioactivity in lipid fractions is shown in Table 2 . In myelin fraction, more than 80% of radioactivity was found Time course for choline-methyl-14C incorporation into lecithin of myelin and non-myelin fractions as a function of chase incubation time is shown in Fig. 2 . Time course for choline-methyl-14C incorporation into non-myelin sphingomyelin was quite similar to that of non-myelin lecithin (Fig. 3 ). Hendelman and Bunge (1969), in their radioautographic studies, showed a time course of choline-methyl -3H incorporation into myelin sheath after pulse incubation by silver grain count ing. Although their data are not based on biochemical analysis, theirs and ours are in a similar tendency to each other; i.e., incorporation of choline into myelin is increased in course of chase incubation time.
4. Incorporation of CDP-choline-1, 2-14C into lipid fractions of myelin and non-myelin fractions in culture. Distribution of radioactivity in lipid fraction is shown in Table 3 . More than 70% of radioactivity in myelin lipid was found in lecithin, and about 9% in sphingomyelin. The present experiment, however, did not show whether intact CDP-choline-1, 2-14C was trasnported through cell mem brane or it was decomposed into cytidine monophosphate and phosphorylcholine-1, 2-14C and then passed through cell membrane.
5.
Comparison of experimental conditions of organ culture, substrates used in pulse incubation, time of chase incubation, or myelin formation rates (Table 4 ). In experiment B, explants derived from four brains were used for organ culture and myelin fractionation was performed without carrier brain (direct method), after chase incubation. In experiment A, explants from two brains were used and myelin fractionation was done with carrier brain as described before (carrier method). investigation is under way to clarify this phenomenon. In myelinating cultures, RL was lower than those in in vivo experiment (see Table 1 and 4) in agreement with the results of morphological studies as described by Murray (1971).
6. Incorporation of choline-methyl-14C into lipid fractions from filial cells in culture. As shown in Table 5 , choline-methyl-14C was actively incorporated into lecithin of glial cells cultured for four weeks under inadequate conditions for myelin formation or survival of the nerve cells. It has been thought that the glial cell processes become applied to the axon and spiral around it, forming myelin sheath in the central nervous system as reviewed by Peters (1968) and Peters et al. (1970) . Active incorporation of choline into lecithin or active lecithin synthesis in glial cells seems to support the concept of central myelinogenesis, in which myelin lecithin is supplied from glial cells. The present experiment, in addition, showed that these glial cells are capable of synthesizing lecithin from choline even when myelin formation is not occurring or the cells are isolated from neuronal cells, at least, in the stage of primary culture. However, differences of activity in lecithin synthesis between glial and neuronal cells or among the types of glial cells are not clarified from the present experiment. 
